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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a liquid crystal display device with 
little color variation resulting from variation in a viewing angle and with high 
display quality. 

SOLUTION: The liquid crystal display device comprises a pixel consisting of 
three sub-pixels 4r, 4g t 4b respectively displaying red, green and blue. Areas 
of the three sub-pixels 4r, 4g, 4b are different from each other. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiners decision of rejection] 

[Kind of final disposal of application other than the examiner's 

decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 
* NOTICES * 



JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 



JP-A-2002-350830 



2/8 ^-V 



CLAIMS 



[Claim(s)] 

[Claim 1] The liquid crystal display which one pixel is the liquid crystal display which consists of red and three sub-picture 
elements which perform a green and blue display, and is characterized by the area of said three sub-picture elements differing. 
[Claim 2] The sub-picture element which performs said blue display is a liquid crystal display according to claim 1 characterized by 
area being larger than the sub-picture element which performs red or a green display. 

[Claim 3] It is the liquid crystal display according to claim 1 or 2 which red and said three sub-picture elements which performs a 
green and blue display are rectangles, respectively, and is characterized by changing the rate of surface ratio by all the three die 
length of the lengthwise direction of said sub-picture element being equal, and changing the ratio of the die length of the 
longitudinal direction of each sub-picture element. 

[Claim 4] The liquid crystal display according to claim 3 characterized by Lb>Lr and Lb>=Lg or Lb>=Lr, and being unrelated relation 
Lb>Lg when red and the die length of the longitudinal direction of said three sub-picture elements which performs a green and blue 
display are set to Lr, Lg, and Lb, respectively. 

[Claim 5] The liquid crystal display according to claim 1 to 4 characterized by providing the liquid crystal layer of a phase contrast 
plate and a twist pneumatic method which consists of an optical medium in which a main shaft has the negative refractive-index 
anisotropy which carried out the hybrid array. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a liquid crystal display. 
[0002] 

[Description of the Prior Art] In recent years, since the liquid crystal display has the features of a thin shape, a light weight, and a 
low power, it is widely used for flat displays, such as the still picture display fields, such as the minor mold graphic display device 
fields, such as a movie and a car-navigation system, a persona! computer, a word processor, and PC monitor, and is expanding a 
commercial scene quickly. Furthermore, recently, goods using the TFT mold liquid crystal display which can respond to a movie 
display as a display for TV are also beginning to be produced commercially. In such a TV field, for the purpose of CRT, it is more 
vivid, development of the high liquid crystal display of display grace is performed, and research for an improvement of the angle-of- 
visibility dependency of a liquid crystal display proper or conquest is done especially briskly. 

[0003] As explanation of the conventional liquid crystal display, a TFT mold liquid crystal display is mentioned as an example, and is 
explained. The side-face sectional view of the liquid crystal cell of a TFT mold liquid crystal display is shown in drawing 5 . 1 is a 
TFT substrate. 2 is a color filter substrate and has the black matrix 3 and the coloring layer 4, and the transparent electrode 5. 
Orientation film 6a and orientation film 6b are formed in the TFT substrate 1 and the color filter substrate 2, respectively, and 
rubbing processing is performed to these orientation film 6a and 6b. 

[0004] The TFT substrate 1 and the color filter substrate 2 are arranged so that a predetermined gap may be formed, and the 
spacer 7 is distributed by said gap. A spacer 7 is used as a 4-micrometer resin bead, and they are distributed by 1 40-piece [/mm ] 
2 consistency. After sticking the TFT substrate 1 and the color filter substrate 2, said gap is filled up with liquid crystal and the 
twist pneumatic liquid crystal eel S is constituted. At this time, the thickness of the liquid crystal layer formed in said gap is 5.0 
micrometers. 

[0005] The phase contrast plates 8a and 8b and polarizing plates 9a and 9b which consist of an optica! medium in which a main 
shaft has the negative refractive-index anisotropy which carried out the hybrid array are stuck on the both sides of this liquid 
crystal cell S in the predetermined attachment direction. Drawing 6 shows the relation between the direction of rubbing, and a 
polarizing plate and the phase contrast plate attachment direction. 1 1 is the direction of rubbing of the TFT substrate 1 . 1 2 is the 
direction of rubbing of the color filter substrate 2. Rubbing processing is performed so that each direction 1 1 and 12 of rubbing 
may become 90 degrees. 

[0006] As shown in drawing 6 , liquid crystal cell S is inserted by phase contrast plate 8a by the side of the TFT substrate 1, and 
phase contrast plate 8b by the side of the color filter substrate 2. The phase contrast plates 8a and 8b are carrying out optical 
compensation of the black display condition of liquid crystal celt S. An improvement and expansion of a high contrast range of a 
liquid crystal display of an angle-of-visibility-contrast property are aimed at with the phase contrast plates 8a and 8b. Moreover, 
1 9a is the polarization shaft of polarizing plate 9a by the side of the TFT substrate 1 , and 1 9b is the polarization shaft of polarizing 
plate 9b by the side of the color filter substrate 2. Liquid crystal cell S is inserted with polarizing plates 9a and 9b. Polarization 
shaft 19of polarizing plate 9a a is the same direction as the direction 12 of rubbing of the color filter substrate 2, and polarization 
shaft 19of polarizinE plate 9b b is arranged so that it mav become the direction 1 1 of ruhhinr nf thp TFT ^nhctratA 1 anH +ho camo 
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direction. 

[0007] Moreover, the outline top view of the pixel of the conventional liquid crystal display is shown in drawing 7 . The pixel 
consists of the sub-picture elements 4r, 4g, and 4b and the black matrices 3 which form the coloring layer 4. One pixel is equipped 
with three sub-picture elements 4r, 4g, and 4b, and performs a red display, a green display, and a blue display, respectively. Sub- 
picture elements 4r, 4g, and 4b are arranged through the black matrix 3, and each area is equally formed as shown in drawing 7 . 
The die length of the lengthwise direction of sub-picture elements 4r, 4g, and 4b is equal, and the die length Lr, Lg, and Lb of the 
longitudinal direction of each sub-picture elements 4r, 4g, and 4b is also the same die length. 
[0008] 

[Problem(s) to be Solved by the Invention] In the conventional liquid crystal display mentioned above, mismatching [ plates / 8a 
and 8b / a liquid crystal cell and / phase contrast ] of optical compensation may arise in a halftone viewing area. When changing an 
angle of visibility theta to a longitudinal direction especially, the phenomenon in which a display colors in yellow arises. This is a 
very big problem on which the display grace of a liquid crystal display is reduced remarkably. Drawing 8 shows the wavelength- 
permeability property of a liquid crystal cell in case there is no coloring layer 4. As shown in drawing 8 , when an angle of visibility 
theta becomes large, it turns out that the permeability by the side of short wavelength (blue) has fallen. That is, if an angle of 
visibility theta becomes large, a blue component will stop being able to penetrate a liquid crystal cell easily, consequently the blue 
component in a display will decrease. Therefore, it becomes red and the display which inclined toward the green component, and 
becomes the display which colored in yellow. 

[0009] This invention is made in view of this situation, and the color change when changing an angle of visibility is small, and it aims 

at offering the high liquid crystal display of display grace. 

[0010] 

[Means for Solving the Problem] One pixel is the liquid crystal display which consists of red and three sub-picture elements which 
perform a green and blue display, and since [ the liquid crystal display of this invention ] the area of said three sub-picture 
elements differs, it can compensate reduction of the blue component by change of an angle of visibility. 

[0011] Moreover, since area enlarged the sub-picture element to which the liquid crystal display of this invention carries out said 
blue display rather than the sub-picture element which performs red or a green display, it can compensate reduction of the blue 
component by change of an angle of visibility. 

[0012] Moreover, said three sub-picture elements to which the liquid crystal display of this invention performs red and a green and 
blue display are rectangles, respectively, ail the three die length of the lengthwise direction of said sub-picture element is equal, 
and since it carried out to having changed the rate of surface ratio by changing the ratio of the die length of the longitudinal 
direction of each sub-picture element, adjustment of the rate of surface ratio of a sub-picture element can be performed easily. 
[0013] Moreover, when red and the die length of the longitudinal direction of said three sub-picture elements which performs a 
green and blue display are set to Lr, Lg, and Lb, respectively, since [ the liquid crystal display of this invention / the die length ] it 
is [ Lb>Lr and Lb>=Lg or Lb>=Lr, and ] unrelated relation Lb>Lg, it can compensate reduction of the blue component by change of 
an angle of visibility. 

[0014] Since the liquid crystal display of this invention possessed the liquid crystal layer of a phase contrast plate and a twist 
pneumatic method which consists of an optical medium in which a main shaft has the negative refractive-index anisotropy which 
carried out the hybrid array, it can raise display grace. 
[0015] 

[Embodiment of the Invention] The fundamental configuration of the liquid crystal cell of the liquid crystal display concerning the 
gestalt of operation of this invention is the same as that of the liquid crystal cell of the TFT mold liquid crystal display explained by 
the Prior art shown in drawing 5 . A different point is a point that the area of each sub-picture element differs, as shown in the 
outline top view of the pixel of the liquid crystal display concerning the gestalt of operation shown in drawing 1 . The liquid crystal 
display which uses drawing below and is applied to the gestalt of operation is explained. 

[0016] As shown in drawing 1 , one pixel of the liquid crystal display concerning the gestalt of operation consists of red, and three 
sub-picture elements 4r, 4g, and 4b and black matrices 3 which perform a green and blue display, and the area of these sub- 
picture elements 4r, 4g, and 4b differs. Sub-picture elements 4r, 4g, and 4b are abbreviation rectangles, and the die length of the 
longitudinal direction is Lr, Lg, and Lb, respectively. Since all the die length of the lengthwise direction of sub-picture elements 4r, 
4g, and 4b is equal, the rate of surface ratio of sub-picture elements 4r, 4g, and 4b is equal to the ratio of the lateral die length Lr, 
Lg, and Lb. 

[0017] First an effectual area of the sub-picture element in an angle of visibility theta is explained. Drawing 2 is the side-face 
sectional view of the liquid crystal cell for explaining an effectual area of the sub-picture element in an angle of visibility theta. As 
shown in drawing 2 (a), when thickness of L and a liquid crystal layer is set to d for the die length of the longitudinal direction of 
one sub-picture element, the die length of the effectual longitudinal direction of the sub-picture element in an angle of visibility 
theta is expressed with Ltheta= (L-dxtantheta). On the other hand, if the die length of the longitudinal direction of a sub-picture 
element will be a times (0< a<=1) the L as shown in drawing 2 (b), the die length of the effectual longitudinal direction of the sub- 
picture element in an angle of visibility theta will become L'theta = (axL-dxtantheta). Here, since the die length of the lengthwise 
direction of each sub-picture element is equal, the ratio of lateral die-length Ltheta and L'theta turns into a rate of surface ratio of 
a sub-picture element. 

[0018] Here, the effectual rate of surface ratio of a sub-picture element is defined as (area of sub-picture element of axL with 
lateral effectual die length)/(area of the sub-picture element of L with the lateral effectual die length). The relation of the effectual 
rate of surface ratio and angle of visibility theta of a sub-picture element is shown in drawing 3 . The values at this time are L= 80 
micrometers, d= 5 micrometers, and a= 0.8. Although the rate of surface ratio in a transverse plane (angle of visibility of theta= 0 
degree) is 0.8:0.8:1 when [ in / drawing 1 ] Lr:Lg:Lb=0.8:0.8:1 , the rate of surface ratio with an angle of visibility of theta= 80 
degrees is set to 0.7:0.7:1 from drawing 3 . That is, the area rate of sub-picture element 4b which performs a blue display is 
increasing. That is, if an angle of visibility theta becomes large, the blue component on the appearance in a display will become 
large. 

[0019] Although the permeability by the side of short wavelength (blue) will fall from the wavelength-permeability property of the 
liquid crystal cell in the halftone display shown in drawing 8 in case there is no coloring layer 4 if an angle of visibility theta 
becomes large, reduction of a blue component can be compensated with making the area of sub-picture elements 4r, 4g, and 4b 
differ as mentioned above, respectively. That is, the permeability which it is in short wavelength (blue) can be raised by making the 
die length of the longitudinal direction of sub-picture elements 4r, 4g, and 4b into Lb>Lg or Lb>Lr, and the permeability in long 



wavelenrth (rp.ci) r.an h#» IowptaH Kv it What ic ne^aecan/ lo ~-««+« ,u — :„ 



.J ilL . . juI- - J 



JP-A-2002-350830 



4/8 K-i? 



Lb>Lr and Lb>=Lg or Lb>=Lr, and the relation it is unrelated Lb>Lg may be filled. 

[0020] Next, change of the chromaticity coordinate over change of an angle of visibility theta is explained. Drawing 4 is drawing 
showing change of the chromaticity coordinate over change of an angle of visibility theta. This is chromaticity change of the liquid 
crystal cell when changing an angle of visibility theta into a longitudinal direction as thickness =4.7micrometer of a liquid crystal 
layer using the liquid crystal of birefringence delta n=0.084. The result to which the ratio of Lr, Lg, and Lb changed the angle of 
visibility theta about three kinds, 1:1:1, 0.9:0.9:1, and 0.8:0.8:1, is shown. In this uV chromaticity coordinate, near u'=0.2, yellow is 
approached, so that v' is large. Drawing 4 shows that v' becomes small at the time of the ratio of 0.8:0.8:1. That is, in the case of 
this ratio, coloring in yellow is improvable. 

[0021] In addition, the ratio of Lr, Lg, and Lb is not limited to the value 0.8:0.8:1 mentioned above. 

[0022] As mentioned above, the red which constitutes one pixel according to the liquid crystal display concerning the gestalt of 
operation, The die length Lr, Lg, and Lb of the longitudinal direction of three sub-picture elements 4r, 4g, and 4b which perform a 
green and blue display is changed. The area of sub-picture element 4b Since it was made to become larger than each sub-picture 
elements [ 4r and 4g ] area, even if the effectual area rate of sub-picture element 4b which performs a blue display increases arid 
the permeability of a blue component falls with an angle of visibility theta, the phenomenon in which a display colors in yellow is 
improvable. 

[0023] In addition, although the liquid crystal display of the gestalt of operation was used as the liquid crystal layer of a twist 
pneumatic method, it is not necessarily limited to this method, and the same effectiveness is acquired even if it is the liquid crystal 
layer of methods other than this. For example, liquid crystal layers, such as an IPS (In-Plane Switching) method, VA (Vertically 
Aligned) method, and an OCB (Optically Compensated Birefringence) method, may be used. By making red and the rate of surface 
ratio of three sub-picture elements which perform a green and blue display differ like the gestalt of operation using these liquid 
crystal layers, the coloring phenomenon when changing an angle of visibility can be improved, and the high liquid crystal display of 
display grace can be realized. 
[0024] 

[Effect of the Invention] As mentioned above, according to this invention, in the liquid crystal display with which one pixel is 
equipped with red and three sub-picture elements which perform a green and blue display, when changing an angle of visibility to 
especially a longitudinal direction, the phenomenon in which a display colors in yellow can be improved and the high liquid crystal 
display of display grace can be realized by making it the rates of surface ratio of said three sub-picture elements differ. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The top view showing the outline of the pixel of the liquid crystal display concerning the gestalt of operation 
[Drawing 2] For drawing 2 (a), an explanatory view in case the width of face of a sub-picture element is L_ and drawing 6 (b) are an 
explanatory view in case it is the side-face sectional view of the liquid crystal cell for explaining an effectual area of a sub-picture 
element and the width of face of a sub-picture element is axL 

[Drawing 3] Drawing showing the relation of the effectual rate of surface ratio and angle of visibility theta of a sub-picture element 

[Drawing 4] Drawing showing change of the chromaticity coordinate over change of an angle of visibility theta 
[Drawing 5] The side-face sectional view of the liquid crystal cell of a TFT mold liquid crystal display 
[Drawing 6] Drawing showing the relation between the direction of rubbing, a polarizing plate, and the phase contrast plate 
attachment direction 

[Drawing 7] The top view showing the outline of the pixel of the conventional liquid crystal display 
[Drawing 8] The wavelength-permeability property Fig. of a liquid crystal cell 
[Description of Notations] 

1 TFT Substrate 

2 Color Filter Substrate 

3 Black Matrix 

4 Coloring Layer 

4r The sub-picture element which performs a red display 
4g Sub-picture element which performs a green display 
4b The sub-picture element which performs a blue display 

5 Transparent Electrode 
6a Orientation film 

6b Orientation film 
7 Spacer 

8a Phase contrast plate 
8b Phase contrast plate 
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9a Polarizing plate 
9b Polarizing plate 

1 1 The Direction of Rubbing of TFT Substrate 

1 2 The Direction of Rubbing of Color Filter Substrate 
1 9a The polarization shaft of a polarizing plate 

1 9b The polarization shaft of a polarizing plate 

S Liquid crystal cell 

d Thickness of a liquid crystal layer 

L The die length of the longitudinal direction of a sub-picture element 

Ltheta The die length of the effectual longitudinal direction of a sub-picture element 

L'theta The die length of the effectual longitudinal direction of a sub-picture element 

Lr The die length of the longitudinal direction of the sub-picture element which displays red 

Lg The die length of the longitudinal direction of the sub-picture element which displays green 

Lb The die length of the longitudinal direction of the sub-picture element which displays blue 

theta Angle of visibility 
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[Drawing 5] 
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[Drawing 6] 
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